Estimate prevalence of obesity and acanthosis nigricans (AN) among children in United States Affiliated Pacific (USAP) jurisdictions.
Introduction
Rates of obesity in preschool children in the United States have plateaued, and declined by 4% in non-Hispanic Whites, [1] thought to be related to decreases in intake of sugar-sweetened beverages and fast food, and decreased caloric content of common foods in the food supply. However, the decline among non-Hispanic Whites will intensify the disparity of obesity among race/ethnic groups. Further, the proportion of the obese people that are extremely obese is increasing, forecasting a rise in metabolic disease and diabetes. [2] Pacific Islanders are the predominant racial/ethnic groups of the United States Affiliated Pacific Region (USAP) yet are not described in the National Health and Nutrition Examination Survey reports. [3] Other survey data sets are available in some of the USAP but only provide information on self-reported obesity for adolescent children, such as the Youth Behavioral Risk Factor Survey and the National Health Information Survey. [4] A meta-analysis of the limited published data on measured body size of children in the USAP-including Alaska, American Samoa, Commonwealth of the Northern Marianas (CNMI), Guam, Hawai'i, Palau, Pohnpei, Yap, and the Republic of the Marshall Islands (RMI)-showed high rates of obesity. [5] Higher prevalence of obesity was found in the older ages (6-8 years) , with a high degree of variability throughout the region, whereas overweight was constant across the age groups. Screening for chronic conditions is not generally performed in young children. However, obesity in childhood is associated with adult noncommunicable diseases (NCD), of which there is an epidemic in the Pacific Islands resulting in declaration of an NCD Regional State of Emergency. [6] Acanthosis nigricans (AN) is a condition that is found on the skin in the presence of hyperinsulinemia, which is correlated with obesity, [7] and is an indication of metabolic disease.
The objective of this paper is to describe the prevalence of obesity and AN, and differences by race/ethnicity among young children in the US Affiliated Pacific (USAP). Data were collected by the Children's Healthy Living (CHL) Program using rigorous selection, measurement, and analytic methodology [8, 9] in all of the USAP jurisdictions.
Methods

Study population
Cross-sectional survey data were collected on 2 to 8 years old children that were recruited from 51 communities in the 11 USAP jurisdictions (Hawai'i, Alaska, CNMI, Guam, American Samoa, Palau, RMI, and the 4 Federated States of Micronesia-Pohnpei, Yap, Kosrae, and Chuuk). Communities were selected for CHL based on census data for population size >1000, relative accessibility and representativeness, having >25% of the population of indigenous/native descent (15% in Alaska due to focus on accessible communities), and having >10% of the population under age 10. Sample size was powered on BMI for the CHL intervention trial. [9] Of 51 communities selected, 27 communities were selected in 2011 from 5 CHL Intervention study jurisdictions using 2000 US census data [9] and 24 communities were selected in 2013, from 6 CHL Prevalence study jurisdictions, using regional 2010 data [10] [11] [12] ; 5775 children participated from the 51 communities; 4488 children were from the jurisdictions participating in the CHL randomized controlled trial (Intervention Study), for which baseline data were used [9] ( Table 1) . The other 1287 children were from jurisdictions participating in the CHL prevalence study. Sample size was powered for BMI prevalence. The same methods were used for data collection in both CHL studies.
Of the 5775 children, 217 children were excluded because their age as reported by the caregiver was out of the study age range. Of the remaining 5558, 5463 children (51.1% male) were measured for anthropometry and 4625 (50.8% male) were screened for AN. The AN number is smaller because, by design, some communities in the Intervention study were only measured for anthropometry.
Outcome measures
Anthropometry: Weight and height were measured according to standard procedures [13] and equipment (Perspective Enterprises Stadiometer model PE-AIM-101, Seca scale Model 876) throughout the USAP region. All anthropometric measurers were standardized to 1 expert with intra-measurer reliability of 0.999 for both weight and height. [8] Three measurements of height and of weight were taken; if 2 of the 3 were not within 0.2 units, the first 3 measurements were crossed out and an additional set of 3 measurements was taken (Supplemental Table 1 , http:// links.lww.com/MD/B271). All measurements were averaged for analysis. Body mass index (BMI) was calculated as weight (kg)/ (height (m) [2] . Categories were defined using Centers for Disease Control reference BMI percentile data according to age and sex where obese was greater than the 95th; overweight was 85th to the 94th; healthy weight was 5th to the 84th; and underweight was less than the 5th. [14] Acanthosis nigricans (AN): AN was measured by the Burke method [15] on a 0 to 4 scale and analyzed as present (1-4) or absent (0) in regression models (Supplemental Table 2 , http:// links.lww.com/MD/B271).
Race/ethnicity: Parents or caregivers reported the race/ ethnicity of children by completing a questionnaire that provided check boxes according to Office of Management and Budget (OMB) categories [16] with additional categories of common ethnic groups of the region, as well as write-in space, listed under Table 1 Characteristics of study participants with anthropometric measurements in the Children's Healthy Living program (n = 5558). 
Child characteristics N Percent
Statistical procedures
All analyses used survey sampling techniques [17] that weighted the sample to the young child population size in each community, based on census data, and that accounted for the clustering of participants in communities within jurisdictions. The weighting resulted in representative estimates for the jurisdictions and the region, with 2 caveats. In Hawaii, the communities represented the non-Honolulu population and, in Alaska, the communities represented the most populous areas. Prevalence was estimated with 95% confidence intervals (CI) overall and by sex, age group, race/ethnicity, and jurisdiction. Prevalence was compared between groups by chi-square test. Logistic regression models of AN assessed its relationship with obesity, adjusted for age group (2-5 years or 6-8 years), sex, and race/ethnicity according to either the OMB or Pacific definitions. Odds ratios and 95% CI were the primary statistics reported from the models. Since Pacific Islanders were the focus of the study and the White population did not have Acanthosis Nigricans, Asians (who were predominantly Filipino) were selected as the reference group for regression models. Underweight and overweight children were excluded from the models, and obese children were compared to healthy weight children. An interaction term was included to determine if race/ ethnicity modified the obesity-AN relationship. Statistical analysis was done using SAS (SAS Institute Inc., Cary, NC).
Human studies
Human studies approval was obtained from the Committee on Human Studies at the University of Hawaii at Manoa and the Institutional Review Board (IRB) at the University of Guam. All other participating jurisdictions ceded IRB approval to the University of Hawaii at Manoa. Parents consented and children assented to participate. Participants received $20 for participation in most locations. In Guam and Alaska, remuneration was increased to $40 and $50, respectively.
Results
Demographic characteristics of participants by child's sex, age, race/ethnicity and jurisdictions are given in Table 1 .
Overall prevalence
The USAP regional prevalence of obesity was 14.0% (standard error [SE] = 0.9%), overweight was 14.4% (SE 1.0%), healthy weight was 68.9% (SE 1.4%), and underweight was 2.6% (SE 0.3%). Significant differences were observed between males and females (P < 0.001), with prevalence of obesity of 16.3% (SE 1.2%) for males children and 1.6% (SE 0.8%) for females. Obesity prevalence also differed significantly by age group (P = 0.009), with 12.9% (SE 0.9%) in the 2 to 5 years old and 16.3% (SE 1.3%) in the 6 to 8 years old.
The prevalence of AN was 4.7% overall (SE 0.9%), and did not vary by sex (P = 0.98) but varied by age (P = 0.001). 2 to 5 years old children had an AN prevalence of 3.5% (SE 0.8%) and 6 to 8 years children 6.8% (SE 1.1%). Of the 217 children with AN, 60.3% (SE 3.1%) had an AN score of 1, 20.8% (SE 2.7%) a score of 2, 12.2% (SE 2.2%) a score of 3, and 6.8% (SE 2.2%) a score of 4. There was a significant difference in the distribution of AN scores between the Prevalence study jurisdictions and Intervention study jurisdictions (6.4% [SE 0.8] and 4.0% [SE 1.1], P = 0.01, respectively). Seventy-four percent (SE 4.1%) of children with AN from the Prevalence Study Jurisdictions had scores of 1, or were less severe cases, whereas in Intervention study jurisdictions, only 51% (SE 5.3%) had a score of 1.
Prevalence of Obesity and AN by Jurisdiction
Significant differences were observed in both the prevalence of obesity (P < 0.0001) and AN by jurisdiction (P < 0.0001, Fig. 1 ). Prevalence of obesity was highest in American Samoa (21.7%; SE 1.4%) and absent in the RMI. Prevalence of AN was highest in Pohnpei (11.9%; SE 4.1%) and absent in Alaska.
Prevalence of Obesity and AN by Race/Ethnicity
Among OMB race categories, there was a significant difference in the prevalence of AN (P = 0.0004) but not obesity (P = 0.18). The prevalence of obesity by OMB race was 26.4% (SE 2.1%) among AIANs, 16.6% (SE 1.1) among Asians, 13.4% (SE 5.6%) among Blacks, 13.9% (SE 1.5%) among those of >1 race, 13.6% (SE 1.0%) among NHPIs, and 9.3% (SE 2.5%) among Whites. The prevalence of AN by OMB race was 9.4% (SE 0.9%) among Asians, 5.6% (SE 1.3%) among NHPIs, 2.6% (SE 0.7%) among those of >1 race, and 0% among AIANs, Blacks, and Whites (Fig. 2) .
Significant differences were observed in the prevalence of obesity (P < 0.0001) and AN (P < 0.0001) among Pacific race/ ethnic groups. Prevalence of obesity was highest among AIANs (26.4%, SE 2.1%), followed by Samoans (21.6%, SE 1.5%), >1 NHPI ethnicity (20.4%, SE 2.7%), and Filipino (17.4%, SE 1.2%). Obesity was lowest among Marshallese (0.7%, SE 0.7%), Yapese (5.7%, SE 2.3%), Kosraean (5.8%, SE 1.5%), and Pohnpeian (5.9%, SE 2.0%). Prevalence of AN was highest among Pohnpeian (11.3%, SE 4.6%), Marshallese (9.5%, SE 1.2%), Filipino (9.1%, SE 0.8%), and >1 NHPI ethnicity (8.3%, SE 1.4%). AN was absent among AIANs, Blacks, and Whites. 
Obesity-AN Relationship
Figure 3 compared prevalence of AN between obese and healthy weight children, overall, and by race/ethnic groups, using the Pacific definition. The prevalence of AN among all healthy weight children was 2.2% (SE 0.05%) and among all obese children was 7.8% (1.9% SE) (Fig. 3) . With 1 exception (Marshallese), all race/ ethnic groups where AN occurred exhibited a higher prevalence of AN among the obese compared to the healthy weight children. The obese were 3.5-fold more likely to have AN than the healthy weight children overall; however, AN was 10-fold more likely among the obese than healthy weight children for the following race/ethnic groups: Chuukese (11-fold); Palauan (18- Logistic regression models of AN were fit with the following independent variables: sex, age group (6-8 vs 2-5), obesity (obese vs healthy weight), race/ethnicity, and an interaction between obesity and race/ethnicity (Supplemental Tables 4 and 5 , http:// links.lww.com/MD/B271). Two models were run: one used the OMB race classification and another used the Pacific race/ ethnicity classification. Race/ethnicity, using either definition, was a significant moderator of the relationship between obesity and AN (P's for interaction < 0.001). The older age group (6-8 years) was more likely to have AN than the younger age group (2-5 years) (ORs of 1.5 to 2.0, P's < 0.05). There was no difference in AN risk between males and females (P = 0.34). Obese Asian, NHPI, and >1 race group children were at significantly higher risk of AN compared to healthy weight children. There was a positive association between obesity and AN for Asian and most NHPI race/ethnic groups, and null associations between obesity and AN for other race/ethnic groups.
Discussion
Prevalence of obesity based on CHL standardized measurements was similar to that found in meta-analysis of published data (CHL vs meta-analysis, respectively: 14.0% vs 14.1% for 2 to 8 years old; 9.2% vs 10.0% at 2 years old, and 24.4% vs 23.2% at 8 years old). [5] An increase occurred between ages 4 to 5 years and 6 to 11 years. Obesity and older age were positively associated with acanthosis nigricans. AN among 6 to 8 years old was twice that of 2 to 5 years old, foretelling an even higher prevalence of AN in adolescence.
The USAP is characterized by many Asian and Pacific race/ ethnicities, race/ethnic mixtures, and migration among the islands, confounding race/ethnic, and jurisdiction differences in obesity and AN. Race/ethnicity modified the relationship between obesity and AN. Methods for studying race/ethnic mixtures will continue to require attention as populations become increasingly mixed.
Obesity was highest among children in the American Samoa jurisdiction (21.7%), the highest among nonmixed Pacific Islander race/ethnic groups, and consistent with results of the meta-analysis [5] and those of Shabbir et al [18] that reported that Samoans had the highest prevalence of obesity among Asian/ Pacific Islander (API) racial groups in the 5th, 7th, and 9th grades in Los Angeles County, CA. AN was lower than expected given the high rate of obesity.
In total 18.8% of 2 to 8 years old children in Alaska were classified as obese, lower than surveillance data from the Pregnancy Risk Assessment Monitoring System (PRAMS) and Childhood Understanding Behaviors Survey (CUBS) where 24.9% of Alaskan 3 year olds were obese and 42.2% of Alaska Native children were obese, [19] respectively. CHL recruited from 4 of the largest urban centers in Alaska, whereas PRAMS and CUBS were statewide and included smaller, remote communities that have limited access to healthy foods and where intake of sugar-sweetened beverage is higher. The CHL Alaska sample was largely White, whereas Alaska Native children have a higher prevalence of obesity. [19] However, PRAMS and CUBS rely on self-report data that may underestimate height and may therefore overestimate obesity status. [20] Although the prevalence of obesity in Alaska was among the highest in the USAP, AN was absent.
CNMI was the third highest in the rate of obesity and AN in the study. A 2005 nutrition survey conducted on 420 children 0-10 Medicine years old found that 45% of 7-10 years old, 26% of 4 to 6 years old, and 25% of 2 to 3 years old were obese [21] and 9 cases of AN, which were only present in obese 8 to 10 years old. [22] The prevalence of obesity in Hawaii (13.6%) was lower than other studies conducted in earlier years. In 2003, Stark et al [23] documented obesity prevalence was 7% for 2 to 3 years old, 20% for 4 to 5 years old, and 29% for 6 -10 years old. In 2010, obesity prevalence among 5 to 8 years old was 19.7% in the same population. [24] Pobutsky et al [25] documented obesity in 4 to 5 years old public school children during school year 2002-2003 at 14.4%, lower than a smaller study conducted the same year that found obesity prevalence at 21.5% in 4 to 5 years old public school children. [26] These findings suggest that obesity prevalence is decreasing in young children in Hawaii, including among Native Hawaiians, or that measurement methodology influenced the height results. [20] The prevalence of obesity among children on Guam was the lowest among CHL Intervention Study jurisdictions at 12.1% and lower than a recently published report by Paulino and colleagues [27] where prevalence of obesity was 14% among children ages 4 to 5 years and 23% among children ages 6 to 11 years. The higher rates from the Department of Education may also be due in part to less standard height measurements that tend to underestimate height. [20] Obesity prevalence for the 4 states of the Federated States of Micronesia (FSM) were at least 4-fold lower than obesity rates found in American Samoa and >2-fold lower than those found in Hawaii. Prevalence of obesity was similar in Yap, Pohnpei, and Kosrae States (4.7-4.8%), but was especially low in Chuuk State (<1.0%). Palau showed obesity prevalence similar to Hawaii and CNMI. In the Marshall Islands, there were no obese children. The higher obesity rates in Palau may be related to higher income and a higher degree of acculturation to western lifestyle as reflected in a higher World Bank classification. [28] Although the prevalence of obesity of Palauan children living in Palau was similar to that of Palauan children living in other jurisdictions, the prevalence of obesity was higher for Chuukese, Yapese, Pohnpeian, and Kosreans living outside their home jurisdiction. The increase was especially prominent for the Chuukese children where the prevalence of obesity was < 1.0% for Chuukese children measured in Chuuk compared to almost 8% for Chuukese in all jurisdictions. Obesity for children in Yap, Pohnpei, and Kosrae States was slightly higher than what was reported in a 2010 report on the Maternal and Child Health Program in the FSM, where obesity prevalence ranged from 2% to 3%, [29] implying an increasing rate.
A limitation of this study is the measurement of AN across race/ ethnic groups with differing skin color. The higher proportions of AN in the level 1 category in the Prevalence jurisdictions could be due to those populations having darker skin color or, alternatively, could reflect the emerging problem of AN despite lower obesity levels due to nutrition transition, reporting on racial/ethnic mixtures, or to other factors.
Interpretation
Despite the strong association of obesity and AN, the relatively high AN prevalence among Prevalence jurisdictions, despite lower but emerging rates of obesity, and the lower AN where obesity has been prevalent for a longer time suggests that AN may represent an important early indicator of nutrition transition and metabolic change. Given that rates of obesity and AN increase with age, the data foretell high rate of future diabetes, as is already found in the adult populations in the region. Further study is needed to determine which of the factors such as race/ ethnicity, socio-economic status, diet, physical activity, skin color, or other, are contributing to AN in the USAP.
